Magnetic bead droplet immunoassay of oligomer amyloid β for the diagnosis of Alzheimer's disease using micro-pillars to enhance the stability of the oil-water interface.
Despite scientific progress in the study of Alzheimer's disease (AD), it is still challenging to develop a robust and sensitive methodology for the early diagnosis of AD due to the lack of a decisive biomarker in blood. Recent reports on the oligomer amyloid β (Aβ) as a biomarker demonstrated its possibility for identifying early onset of AD in patients, but its low concentration in blood requires highly reliable detection techniques. To overcome the low reliability and labor-intensive procedures of conventional enzyme-linked immunosorbent assay (ELISA), we present a magnetic bead-droplet immunoassay platform for simple and highly sensitive detection of oligomer Aβ for the diagnosis of AD. This microchip consists of chambers that contain water-based reagents or oil for consecutive assay procedures, and there are arrays of micro-pillars fabricated between the two adjacent chambers to form robust water-oil interfaces. With the aid of these micro-pillars, magnetic beads can stably pass through each chamber by linearly actuating a magnet along the microchip. The robust water-oil interface and simple procedures of the assay make it possible to obtain reliable results from this microchip. The intensity of the fluorescence at the read-out chamber increased quantitatively and linearly, depending on the amount of serially-diluted standard Aβ solution. The results of the assay indicated that the limit of detection was about 10 pg/mL even though it was done with manual manipulation of the magnet. This platform simplified the complicated ELISA procedure and achieved high sensitivity that was no lower than that of the conventional magnetic bead immunoassay. The magnetic bead-droplet platform reduced the assay time to 45 min, and it also reduced the amount of antibody usage in a single diagnosis significantly (10-30 ng of antibody per single assay). Consequently, this microfluidic chip has strong potential as a feasible system for use in the diagnosis of AD with a fast and easy immunoassay process, since the suggested platform can be automated with ease for point-of-care testing as well as high-throughput diagnostic equipment.